ABSTRACT -An X-band waveguide horn of which the sides flare by an elliptic function is described. Measurements performed show that the structure exhibits an absence of side lobes in the conventional sense, and that the radiation pattern varies very little over the entire X-band. It has almost equal beamwidth in the principal planes, and the input return loss is extremely low.
INTRODUCTION
Conventional pyramidal waveguide horns find very wide application both as primary antennas and as feeds for reflector systems. They exhibit useful gain and radiation properties, although their radiation patterns tend to vary strongly with frequency. In an effort to improve some of the properties of pyramidal horns, authors have described modifications such as to the throat of a sectoral horn [1] , and the introduction of cylindrical edges to reduce diffraction and match the aperture [2] . The profiling of corrugated horns to achieve Gaussian beams, as well as other profile options to achieve this purpose have been described [3] - [8] .
The horn antenna described in [9] was designed as an impedance match between an X-band waveguide and free space, and it was seen that extremely low values of reflection coefficient were obtained. At the same time the radiation pattern exhibited a lack of side lobes due to the spherical wave front generated by the antenna. Lately, it has been demonstrated that TEM horns with an elliptic flare profile are singularly well matched, and exhibit almost frequency independent properties [10] , [11] . In this paper, the principle of an elliptic flare is extended to an X-band waveguide horn in which both sides flare to form elliptic profiles.
HORN CONSTRUCTION
The horn flares from the dimensions of an X-band waveguide to an aperture of dimensions 150x150mm, over a total length of 200mm, as shown in Fig. 1 . For the flare on the broad side of the waveguide, Fig. 1(a) , the ellipse major axis is a = 400mm, while the minor axis is b = 150 -22.86 = 127.14mm. The flare on the narrow side of the waveguide has the same major axis, but a minor axis of b = 139.84mm, so that the aperture has dimensions of 150x150mm.
The horn is constructed of 0.5mm plate and soldered to a standard X-band waveguide flange.
Prior to manufacture, a numerical model was created with the commercial software FEKO [12] , and reflection coefficient, gain and radiation patterns were evaluated. Fig. 2 shows the gain and the return loss of the horn over the standard X-band frequency range. Calculated and measured gain are in good agreement; measured gain varies between 16.5 and 19dB. The antenna is extremely well matched, and while the calculated match is substantially better, the measured return loss is of the same order as that of the best matched load. Small errors in the construction of the horn, especially in the throat region, will cause a deterioration in the measured return loss. Fig 3(a) shows the measured E-plane radiation patterns for frequencies from 8 to 13GHz in 1GHz steps, while the corresponding patterns for the H-plane are shown in Fig. 3(b) . The peak regions of the main lobe of both E-and H-plane are shown expanded in Fig. 4 . The beamwidths over the entire frequency range of 8 to 13GHz are extremely constant; the -3dB beamwidth in the H-plane amounts to 25.5° ± 3.5°, while the E-plane beamwidth is 27° ± 5°. At -10dB the beamwidth in the H-plane is 48.5° ± 6.5° and for the E-plane 58.5° ± 6.5. Fig. 5 compares the calculated and measured radiation patterns for both principal planes at 10GHz; for all practical purposes calculated and measured patterns are identical.
MEASUREMENTS

CONCLUSION
The TE 10 mode that propagates down the horn has nulls in the H-plane of the electric field parallel to the sides of the horn, causing the H-plane pattern to be slightly sharper than the E-plane pattern at angles well rmoved from boresight. Because of the finite values of the E field normal to the horn upper plates, the scattered back lobe is slightly larger in the E-plane. The sidelobes that would normally be associated with a pyramidal horn, in the case of this horn, degenerate almost completely due to the wide flare of the horn and the launching of a spherical wave front.
The horn is extremely well matched to the X-band waveguide for which it was designed, and the gain varies smoothly with frequency. The E-and H-plane radiation patterns are very nearly the same, and vary very little over frequency, making the elliptically flared horn well suited to feeding a parabolic dish.
